A congenital diaphragmatic hernia (CDH) is the most common abnormality of the fetal diaphragm. The pathogenesis of CDH is unknown, but many believe that it is a result of the failure of the pleuroperitoneal canals to close at the end of organogenesis. 1 Ultrasound is important in the detection of diaphragmatic hernias. The majority of hernias detected in utero are large. 1 Approximately 60% of fetuses with CDH do not survive after birth. 2 This poor prognosis is primarily due to pulmonary hypoplasia and pulmonary hypertension, which is thought to result from the mass effect on the developing lung. 1 New fetal interventional procedures are being developed to treat CDH. Using ultrasound to identify the defect and severity of the hernia has opened new doors in the treatment and management of CDH prenatally. 1
Discussion
The diaphragm forms at approximately eight weeks gestation. It can be described as a wide, flat muscle that separates the chest and abdominal cavities. When it does not form completely, a hole develops in the muscle between the chest and the abdomen. The defect is called a congenital diaphragmatic hernia. This hole allows contents of the abdomen, including stomach, in-testine, spleen, liver, and kidneys, to migrate into the fetal chest. 2 Left-sided CDH is seen in 75% to 90% of cases, right-sided CDH is seen in approximately 10% of cases, and less than 5% of cases are bilateral. 1 The fluid-filled stomach adjacent to the left atrium of the heart in the chest is easily detected by ultrasound in left-sided CDH (Figs. 1A, 1B ). If the stomach is not detected, a herniation appearing as a single mass in the left side of the chest could represent collapsed bowel (Figs. 2A, 2B). Identification of the liver in the left side of the chest is not critical to the diagnosis of CDH, but it is important in the assessment of the prognosis. Color Doppler is used in this case to trace the portal veins of the left lobe of the liver to see whether it is above the level of the diaphragm. 1 In right-sided CDH, the liver moves into the chest. Because of its solid echotexture, the liver may be more difficult to detect sonographically. 1 The fluid-filled stomach is typically in a normal position below the diaphragm. The herniated viscera is mostly liver and collapsed bowel. It may be seen sonographically as a mass in the chest of the fetus, therefore it can be confused with other abnormalities such as cystic adenomatous malformation, pulmonary sequestration, or a bronchogenic or neuroenteric cyst. A considerable mediastinal shift and absence of a hypoechoic diaphragmatic muscle on the right is often used in the detection of right-sided CDH. 1 Color Doppler imaging shows the displacement of the portal vessels. 3 Ascitic fluid herniated into the chest along with the liver is also an indication of right-sided CDH. 1 The herniation of abdominal organs into the chest prevents the fetal lungs from expanding, which leads to pulmonary hypoplasia. It is important to note that both lungs may be affected. 2 Bilateral diaphragmatic hernias are difficult to detect because there is often no Fetuses with CDH generally have a poor prognosis. A large factor in the outcome of these infants is dependent on associated anomalies or syndromes, which occur in 15% to 45% of fetuses. The most common anomaly associated with CDH is trisomy 18. The presence of liver intrathoracically greatly influences the fetal prognosis. 1 Fetuses with liver in the thorax have a very low survival rate. 2 Two factors are used in grading the severity of the CDH, including the position of the fetal liver and the lung-to-head ratio (LHR). The LHR is a numeric estimate of the size of the fetal lung based on measurements of the amount of visible lung. High LHR values (.09) offer a better outcome for the fetus as opposed to low LHR values (09). 2 Treatment of neonates with CDH presents a challenge because of the associated complications. The diaphragmatic defect can be repaired after birth, but pulmonary hypoplasia and hypertension cannot. Feeding dysfunction, chronic lung disease, delays in motor development, gastroesophageal reflux difficulties, and frequent rehospitalization occur in many survivors of hernia repairs. 1 Fetuses with "liver down" (when the liver has not herniated into the lung) have a survival rate of approximately 90%. In utero, underdevelopment of the lung does not pose a problem because the placenta provides oxygen to the fetus. If the lungs are hypoplastic after birth, the baby will have respiratory distress. 2 The recommended course of treatment in these patients is the use of an artificial lung device called extracorporeal membrane oxygenation or ECMO. 4 ECMO is a heart-lung machine that provides oxygen to the baby when the lungs are hypoplastic, which allows the lungs to mature. Bleeding is the biggest risk for ECMO patients because blood thinners such as Heparin are given to the patient to guard against blood clots. Bleeding can occur anywhere in the body but is most serious in the brain. Because of this risk, ECMO should only be used for up to two weeks. 2 Fetuses with "liver up" (when the liver has not herniated into the chest) and a low LHR may be candidates for fetal intervention. A normal karyotype is required for interventional surgery on fetuses with CDH. The most severely affected fetuses with a survival rate of less than 50% are given the option of fetal surgery to correct the diaphragmatic hernia. 2 For fetuses with a poor prognosis, tracheal occlusion is an option. This experimental procedure has been clinically tested in human fetuses using an internal PLUG (plug the lung until it grows) device or an external clip. The primary goal of this treatment is to provide enough lung growth so that the baby can breathe and provide itself with enough oxygen to survive at birth. 2 This procedure gradually reduces the herniated viscera, resulting in improved pulmonary function after birth. 3 Fluid stays in the lungs when the trachea is blocked. As the fluid builds up, it expands the lungs, stimulating their growth. The build up of fluid also pushes the abdominal contents out of the chest back into the abdomen. 2
Literature Review
Different experimental methods were developed to temporarily occlude the fetal trachea to repair or reduce complications of CDH. 3 The technique of tracheal occlusion evolved from an internal plug to an external clip. Initially, an open hysterotomy was performed to occlude the trachea. This method caused high incidences of premature rupture of membranes and uterine irritability, which often led to preterm labor. 1 Since then, a new development called FETENDO has been used in tracheal occlusions. FETENDO allows dissection of the fetal trachea and placement of an occluding clip without hysterotomy. A method of unplugging the trachea at the time of birth (ex utero intrapartum tracheoplasty [EXIT]) was also developed. One study performed by Harrison et al. 3 used eight human fetuses with CDH and liver herniation at 25 to 28 weeks gestation. All cases had severe leftsided CDH with mediastinal shift to the right and little visible lung by ultrasound. The two techniques for occlusion mentioned earlier were applied to these eight patients. Two patients had an internal plug and six had an external clip. 3 In the first two cases, the internal plug was placed inside the trachea. A flexible guide wire was passed retrograde up the trachea and out the mouth. The suture was attached to the leading end of the plug and was fixed to the wire and pulled through the larynx. The plug was secured in the upper trachea by tying the suture to a button (Fig. 3) . These procedures were both done with an open hysterotomy. In the remaining six cases, an external metal clip was placed directly on the trachea via open hysterotomy. In the subsequent FETENDO cases, the fetal head did not have to be brought out of the uterus. 3 In case 1, the fetus had an internal foam plug placed at 26.5 weeks gestation and showed lung expansion one week later. The mediastinum shifted back toward the midline. At 30 weeks gestation, there was premature rupture of membranes after which the EXIT procedure was performed. This procedure is a modification of cesarean delivery. It allows time to secure the airway while the fetus remains on placental support, expose the fetal neck, pass a bronchoscope, remove the plug or clip, repair the trachea if needed, secure the air- way, suction lung fluid, administer surfactant, and begin ventilation. The mother is anesthesized to ensure complete uterine relaxation throughout the procedure. In this case, the trachea was opened to remove the plug and was then repaired. The 1680-g baby boy had fair respiratory function. The hernia was repaired at five days of age without difficulty. An endotracheal tube was used for two months due to significant tracheomalacia in the area of the plug, which required stenting of the upper airway. At the time of discharge, magnetic resonance imaging showed mild periventricular leukomalacia. Eighteen months following delivery, the child was reported doing well, with growth and development appropriate for his age. 3 In case 2, a smaller plug was used because of the problem with tracheomalacia in the first patient. Serial sonograms showed no enlargement of the lung or correction of the mediastinal shift. At 30 weeks gestation, the EXIT procedure was performed successfully, although all attempts to resuscitate the child were unsuccessful. Autopsy showed severe pulmonary hypoplasia. 3 Case 3 used three stainless-steel hemoclips for the tracheal obstruction. After one week, there was enlargement of both lungs and a mediastinal shift back to midline. Four weeks after the procedure, the fetus was found to have no cardiac activity. Fetal demise was caused by a tight constriction of the umbilical cord by a disrupted amniotic membrane. Autopsy showed no lung hypoplasia. 3 Case 4 used a single large hemoclip to occlude the trachea. A suture was brought out through the neck incision so the clip could be pulled off after birth. Approximately one week postoperatively, serial sonograms showed enlargement of the lungs and a mediastinal shift. At the time, however, an intraventricular hemorrhage was seen on ultrasound, with development of posthemorrhagic hydrocephalus. The EXIT procedure was performed at 28 weeks gestation, and bronchoscopy showed that the trachea opened up well when the clip was removed. The baby was easily ventilated and was weaned to inspiratory oxygen within one day. A sonogram confirmed a grade III intraventricular hemorrhage with hydrocephalus. This bleeding was related to starting a commonly used drug called indomethacin for tocolysis five days postoperatively. Support was withdrawn, and an autopsy showed that the lungs were normal in size and histology. 3 Case 5 did not use indomethacin. A single clip was used. Tocolytic management was unsatisfactory, and the pregnancy aborted within eight hours of surgery. Autopsy showed the presence of severe pulmonary hypoplasia. 3 Case 6 used one clip, and serial sonograms showed no pulmonary response. Six weeks after the occlusion, the baby was delivered. The baby was difficult to ventilate and was placed on ECMO. The baby died after four months of intensive care. Autopsy showed severe pulmonary arterial hypertension. 3 Case 7 was done at 26 weeks using two hemoclips. Serial sonograms showed progressive lung enlargement, reduction of the abdominal viscera, and a mediastinal shift. The EXIT procedure was performed at 29.3 weeks after premature labor could not be stopped. The clip was removed without tracheal damage, and the 1510-g girl was easily ventilated and was rapidly weaned to 30% inspired oxygen within two days. The hernia was repaired, and the baby was breathing on its own within 4 days. She was discharged home in excellent condition but died soon after due to recurrent aspiratory pneumonia. Autopsy showed that the lungs were normal. 3 Case 8 also used two hemoclips. One week following surgery, serial sonograms showed fetal lung growth and a mediastinal shift. Five weeks postoperatively, the mediastinum started to shift back to the right and oligohydramnios prompted delivery. The infant required full ventilatory support and ECMO for eight days. The left diaphragm was repaired at five weeks of age. He was eventually weaned to nasal oxygen. Magnetic resonance imaging showed cerebral atrophy and poor myelination due to prolonged intensive resuscitation. The family chose to withdraw support. Autopsy showed nonhypoplastic lungs with normal histology. 3 Five cases showed expansion of the fetal lungs in response to occlusion. These were all documented by serial ultrasound examinations. In all five cases, it was found that the lungs had grown considerably and the viscera had been reduced into the abdomen before birth. 3 Although only one fetus survived, at least three others showed a favorable pulmonary response. Their survival was prevented by complications. All had good pulmonary function following birth. 3 Harrison et al 3 performed another study using a recently developed video-fetoscopic FETENDO technique of tracheal occlusion without hysterotomy. The FETENDO clip was used in eight patients identified with poor prognoses. In this study, all mothers were administered dexamethasone before fetal intervention, which was used to mature the fetal lungs in case of early postoperative delivery. The last three FETENDO cases were given steroids in the hope that there would be improved fetal lung compliance. 5 A fetoscopic procedure is advantageous to both the mother and fetus because it is minimally invasive. Three small holes are used, allowing the fetus to stay in its natural environment. This results in less temperature changes in the amniotic fluid, results in less fetal manipulation, and decreases the fetal stress response. 6 The fetal position is secured with a temporary transuterine suture through the fetal chin. A T-bar is placed into the fetal trachea using sonographic guidance to aid in the dissection of the neck (Fig. 4) . Warm saline is administered for the fetus to bathe in while still in the uterus to prevent potential complications of CO 2 insufflation, which include air embolism or fetal acidosis. Preterm labor, tocolysis, hospital stay, and discomfort were better tolerated using the FETENDO surgery, although this is not statistically significant at this stage. 5 The results of the study concluded that all but one FETENDO clip patient had a significant response. There was enlargement of lungs before birth and excellent function following delivery. Premature rupture of membranes occurred in five of the eight patients. There were six survivors, and all were extubated. Two patients experienced stridor after extubation, and tracheostomies were performed for vocal cord paresis. Pulmonary edema developed in three FETENDO technique patients. 5 The most striking finding in these cases was the rapid growth of the fetal lung using the FETENDO clip. Speculations have been made, however, that the use of steroids during the procedure may have contributed to the outcome of fetal lung growth, although this has not been confirmed. 5 Overall, there was a 75% survival rate using the FETENDO clip. Frequent scans following occlusions have been a major contribution to the success and maintenance of diaphragmatic hernias in utero. Premature rupture of membranes still remains an unsolved complication of both open and closed hysterotomy procedures. The avoidance of open hysterotomies has decreased the incidence of preterm labor by decreasing uterine injury, but the problem still remains. In comparison, survival by FETENDO surgery appears to be superior to occlusion by open fetal surgery. 5
Conclusion
These cases illustrate the evolution of less invasive techniques to improve the prognosis of fetuses with CDH. 5 Using ultrasound to identify the severity of the hernia has proven to be an asset in the treatment of congenital diaphragmatic hernias.
Achieving tracheal occlusions without performing hysterotomies clearly decreases the risk of preterm labor and delivery of the fetus. Temporary tracheal occlusion using FETENDO surgery currently is promising and is technically feasible. The continuing development and implementation of FETENDO surgery will open many new doors in fetal treatments. Techniques for occlusion are still evolving. Each study continues to contribute to the advancement of knowledge needed to successfully treat CDH prenatally. 5 
